A robust joining approach is critically needed for a Micro-Electro-Mechanical Systems-Lean Direct Injector (MEMS-LDI) application which requires leak free joints with high temperature mechanical capability. Diffusion bonding is well suited for the MEMS-LDI application. Diffusion bonds were fabricated using titanium interlayers between silicon carbide substrates during hot pressing. The interlayers consisted of either alloyed titanium foil or physically vapor deposited (PVD) titanium coatings. Microscopy shows that well adhered, crack free diffusion bonds are formed under optimal conditions. Under less than optimal conditions, microcracks are present in the bond layer due to the formation of intermetallic phases. Electron microprobe analysis was used to identify the reaction formed phases in the diffusion bond. Various compatibility issues among the phases in the interlayer and substrate are discussed. Also, the effects of temperature, pressure, time, silicon carbide substrate type, and type of titanium interlayer and thickness on the microstructure and composition of joints are discussed.
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SiC-Ti-SiC Diffusion Bond Processing Matrix
SiC and Ti Material Combinations:
1. 1.75" diameter α-SiC (CRYSTAR from Saint-Gobain) discs joined with a 38 micron alloyed Ti foil 2. 1.75" diameter CVD SiC (TREX Enterprises) discs joined with a 38 micron alloyed Ti foil 
Alloyed Ti Foil
Microprobe from the cross-section of alloyed Ti foil (averages taken from several points near the edge and at the center of the foil) Microcracks formed regardless of the substrate and variations in the processing:
higher temperatures, higher pressures, slower cooling rate. Microcracking may be due to thermal stresses during cooling down from processing:
• Phase B (same in all three micrographs) -Ti • Phase D,F,E (respectively) -Ti 3 Al has low ductility at low temperatures. Al can be in the range of 23-35 atm % (Djanarthany et al).
Bonding with the Alloyed Ti Foil Between Different SiC Substrates 
Summary and Conclusions
• A robust method of bonding SiC to SiC has been developed and optimized that is applicable to the LDI injector application as well as a variety of other applications.
• Diffusion bonds fabricated with the alloyed Ti foil as the interlayer formed five to seven reaction formed phases in the bond.
• Microcracks due to the formation of thermally anisotropic and low ductility phases.
• Diffusion bonds fabricated with the 10 micron PVD Ti coating gave better diffusion bonds than the alloyed Ti foil.
• Fewer and preferred phases were formed which resulted in bonds without microcracks.
• Future efforts will further evaluate this bonding method to determine if it is fully capable of meeting the needs of the proposed injector applicationuniform, leak-free bonds with stability and strength retention at temperatures up to 800˚F.
